The solubility of hoemoglobin S in its reduced form is only one-hundredth that of haemoglobin A; its molecules align themselves to form liquid crystals called tactoids which distort the cell envelope. In sickle cell anemia sickling starts when the partial pressure of oxygen within the capillaries is 45 mmHg and all the cells will have sickled when the pressure has fallen to 25 mmHg; intracapillary oxygen tensions within this range may often obtain in health. In the sickle cell trait, however, sickling only begins at oxygen tensions below 25 mmHg which is below the normal range (Harris et al. 1956 ). The sickle deformity takes about two minutes to develop but, since the normal transit time through the capillaries is about fifteen seconds, intravascular sickling will only develop under conditions of capillary stasis; in this event a tangle of interlocked sickled cells blocks the capillary and a thrombus forms which may ultimately extend forwards into the veins. This explains the more important pathogenetic mechanism of the disease, namely the tendency for capillary occlusion to lead to infarctions in any tissue.
Red blood cells which have remained sickled for more than a minimum period cannot revert to the normal shape on re-oxygenation in the alveolar capillaries; they remain as permanently sickled cells. Such cells have a greatly increased mechanical fragility and their life-span is much diminished, which explains the other pathogenetic mechanism of the disease, the characteristic chronic hemolytic aniemia, usually compensated fairly adequately by marrow hyperplasia; peripheral blood contains about 3 million erythrocytes per c.mm and 60% hemoglobin, with a high reticulocytosis and also a high leucocytosis in which either polymorphs or lymphocytes may predominate.
Papers
Clinical exacerbations or 'crises' are of common occurrence in the early years but tend to become less common in those who survive to adult life (Diggs 1956) . They are of three types: (1) Thrombotic, by far the most frequent.
(2) Aplastic, due to a temporary arrest of hvmopoiesis, usually from intercurrent infection. (3) Hemolytic, rare.
Surgeons are liable to be consulted when patients suffering from sickle-ell anemia develop crises of the first type.
Splenic infarction is usually progressive and destroys the organ by about the tenth year of life but may occur acutely, causing severe shock and simulating acute torsion of the splenic pedicle. Bone infarction is a common event, it often involves the digits causing dactylitis but may also affect the shaft of a long bone when it simulates acute osteomyelitis. Pyogenic infection may indeed supervene in the damaged marrow and in Africa is often due to salmonella; a periosteal reaction develops and ultimately sheaths the involucrum. Infarction may often damage the epiphyses and disturb bone growth, while an ischemic necrosis of the head of the femur is a well-known manifestation of the disease. Synovial infarction causing an acute intra-articular effusion is also common; it may be precipitated by added vascular stasis due to a bandage or plaster cast.
Abdominal crises, however, provide the major diagnostic problem to the surgeon, who is often called to see a child in sever& pain with distension, vomiting and ileus. The le'ucocytosis which is a constar;ttfeature of sickle cell anmmia may further mislead' hitm. Laparot6my will reveal a slight, bloodstai'hed peritoneal effusion and an acutely congested 'and cedematous, though viable, segment'of gut, which does'not call for resection. Untdr conservative management this condition, in my experience, will resolve with'in forty-eight hours. The causal mechanism appears to be mesenteric capillary occlusion. Renal infarcts probably occur much more commonly than one realizes; during life unexplained slight rises in temperature are associated with microscopic h:maturia; frank himaturia is not rare and at autopsy the kidneys are usually found to be heavily scarred. Subcutaneous infarcts may develop causing tender plaques resembling panniculitis. Cerebral vascular occlusion is not rare and retinal scarring is quite commonly found.
The liver undergoes progressive enlargement and damage as age increases and has often become frankly cirrhotic when adult life is reached. This process seems to be due to the deposition of a fibrinoid reticulum within the sinusoids which is steadily incorporated into the perisinusoidal membrane. Gross thickening of the latter thus develops throughout the liver and impairs the transit of gases and electrolytes between the liver cell and the blood in the sinusoid. In addition, acute blockage of sinusoids occurs here and there, causing local liver cell necrosis which is ultimately marked by a dense fibrous plaque (Walters 1958) .
In rare instances girls suffering from sickle-cell anwmia, reach adult life and marry. They are then exposed to special hazards which arise in pregnancy. The tendency to develop thrombotic crises is greatly augmented, while placental infarction often causes abortions still-birth, or prematurity of the feetus. Breast infarction may simulate acute infection or neoplasm. The myometrium may be so damaged that fibrocollagenous replacement may seriously impair its power to expel the foetus and may lead to rupture during labour (Curzen 1964) .
The sickle-cell trait, in which the subject carries haemoglobins S and A in his erythrocytes but is not anemic, was once thought to be harmless but is now being increasingly recognized as the cause of unexpected symptoms, such as heematuria. I have had personal experience of two such instances. A healthy Nigerian athlete, during a flight by Comet aircraft to London became very cold and suddenly developed acute pain in his spleen; on arrival the spleen was enlarged and very tender and this persisted for several days in hospital; undoubtedly a splenic infarct had developed. A Nigerian student, who was under treatment with Luminal for epilepsysubsequently found to be due to a meningioma, hibernated in his room for several days in the intense cold of January 1963. On admission to hospital he was hypothermic and showed gangrene of both feet. He died ten days later of pulmonary embolism -and at autopsy the feet showed capillary occlusion with thrombosis extending into the veins. A West African woman (a patient of Dr A C E Cole's) developed a splenic infarct while flying in a jet aircraft. She was shown to be a-double heterozygote for hemoglobins S and C.b lhave also begn told of the death of a healthy, 30-year-old Negro ward orderly who underwent an operation for the removal of a ganglion at the wrist. This operation was carried out with the use of a tourniquet: within a few minutes of its removal the patient developed cardiac arrest and subsequently died. The cause of this disaster is speculative, but it may well be that a flood of sickled erythrocytes dislodged from the ischaemic limb by the returning blood flow plugged the pulmonary capillary bed.
Surgeons would be wise to carry out a sickling test on all patients of the Negro races prior to operation, and, in the case of those whose blood sickled, to avoid operating under hypothermia or with the use of a tourniquet. Anoxia should be avoided at all costs.
In the treatment of sickle-cell crises anticoagulants are ineffective and carbonic anhydrase inhibitors such as Diamox do little good. Plasma expanders such as the small molecular dextran, Rheomacrodex, are said to help by reducing vascular spasm (Watson-Williams 1963). Treatment suggested (Apthorp et al. 1963 ) is as follows:
(1) During the thrombotic crises: slow intravenous injection of 1-2 ml of 50% magnesium sulphate every four hours.
(2) For one week thereafter: 12 ml of 70% Ymanesium glutamate in 60 mlwater daily by mouth: this provides 720 mg magnesium.
(3) Permanently: sodium bicarbonate by mouth sufficient to keepthe urine alkaline to litmus.
(1) and (2) are designed to lower blood coagulability by substituting Mg+±+ for Ca++ and
(3) is designed to increase the alkali reserve of tissue fluids and to diminish the tendency f6r acidosis to develop under anoxic conditions.
